Abstract. The construction of stilling basin with adverse slope change the characteristics of hydraulic jump such as sequent depth ratio, length of jump ratio, length of roller and energy dissipation ratio, consequently the dimensions of stilling basin are changed, also using baffle blocks with different configurations develop these characteristics. In this study different shapes of baffle block (models (A), (B), (C) and (D)) installed in the stilling basins at adverse slopes (-0.03, -0.045, -0.06) in addition to horizontal bed, all these models are tested in the stilling basin to show their effects on the characteristics of hydraulic jump, the experiments applied for the range of Froude number (Fr1) between 3.99 and 7.48. The baffle block model (D) showed good results when compared with models (B) and (C), therefore it used with arrangement of (single and double row) and compared with baffle block model (A) at slopes (0, -0.03, -0.045, -0.06) to study the effects of baffle blocks on hydraulic jump when bed slopes are changed. In general using baffle block caused a reduction in sequent depth ratio, length of jump ratio and the length of the roller, but the energy dissipation ratio increased.
Introduction
The hydraulic jump is a phenomenon that occurs when a super critical flow is changed to subcritical flow when the flow obstructed. The rapid change in flow conditions is accompanied by considerable turbulence and dissipation of energy, transferring some of the flow's initial kinetic energy into potential energy [1] . Belanger (1838) predicted the sequent depth ratio (y2/y1) (for horizontal smooth bed) by using the equation of momentum with the assumption of neglected friction [2] , and can be written as:
……(1)
Where: y2 = sequent water depth of a hydraulic jump (m). y1=upstream water depth of hydraulic jump (m). Fr1= upstream Froude number = v1= upstream velocity (m/s). g = gravitational acceleration (m/s 2 ).
The characteristics of hydraulic jump affected when the bed conditions of stilling basin are changed, these bed conditions represented by using adverse slope of stilling basin and availability of appurtenances as baffle block.
Hydraulic jump at the adverse bed slope represent an unstable phenomenon which generates some difficulty in the controlling of it, previous studies showed that the hydraulic jump at adverse slopes greater than (-0.025) is impossible to control, and other studies showed an impossible to keep the jump completely on the adverse slope [4] , [5] .
The hydraulic jump can be established at Fr1 ≥ 9 and for Fr1 ≥ 4 the adverse jump still relatively steady without further tailwater adjustments and for Fr1 < 4 (especially as the adverse bed slope increased) continuous adjustment was required even the stabilize position was obtained [6] .
The friction in the bed of stilling basin would be responsible for the stability of jump on an adverse slope at a minimum value of upstream Froude number (Fr1), therefore the presence of artificial roughness, baffle blocks or sills are essential to reach to stable condition [7] .
The characteristics of the hydraulic jump that represented by dimensionless parameters such as length of jump ratio (Lj/y1), sequent depth ratio (y2/y1), roller length ratio (Lr/y1) and energy dissipation ratio (ΔE /E1) MATEC Web of Conferences 162, 03005 (2018) https://doi.org/10.1051/matecconf/201816203005 BCEE3-2017 reduced when the adverse stilling basin is used instead of horizontal bed slope [6] , [8] , [9] .
Stilling basin must be designed perfectly to ensure efficient operating over a wide range of flow. Additional devices may be used to stabilize the jump, reduce the length and height of the jump and increase the energy dissipation. Baffle blocks one of these devices which used to stabilize the jump and dissipate energy as a result of impact action [10] .
Baffle block used with different shapes such as cubic and trapezoidal (trapezoidal shape in section), the cubic shape is effective when the best dimensions of height, width, spacing, and the best location in the basin were used. United States Department of the Interior Bureau of Reclamation (USBR) recommended that the corners of baffle block must be not be rounded because the corners are effective in producing of eddies which help in energy dissipation [11] .
Previous studies showed that, the model of baffle blocks which have an ability to circulate the jet of water in the vertical transverse direction behave best than others for dissipation of energy, also the rotation in jet of water prevents the jump action to the extent, in this case there is a complete energy dissipation and reduction in the stilling basin length [12] .
At adverse bed of stilling basin the specific energy in up stream of hydraulic jump (E1) and in the end of the hydraulic jump (E2) can compute by equations (2) and (3) respectively [3] .
….…….. 
Experimental work
The experimental work of this study has been done in the laboratory of fluid mechanics, Building and Construction Department, University of Technology, Baghdad. The laboratory flume that used were divided into two sections, the first one located in the upstream side of the sluice gate which has a rectangular section with 0. A plastic platform was installed in the flume to make a different adverse bed slope (-0.03, -0.045, -0.06) in addition to horizontal bed. The platform consists from three parts as shown in Figure ( 1), the first part of platform represents the stilling basin zone and used to adjust the inclination of the bed slope (adverse and horizontal slopes) which has a length of 1 m, the second part represents a horizontal plane has the same level of end of the first part with a length of 1m, the third part represents a transition between the level of end of adverse slope and the level of the bed of the flume.
Fig. 1 Platform parts.
The models of baffle blocks that used in the experimental work can be described as the following: Baffle blocks fixed on the platform with a distance (Xb) from the toe of the hydraulic jump, the best stability of hydraulic jump and minimum depth of tailwater occurs when baffle blocks at a location ratio (Xb/y2) =1.87, therefore the baffle blocks fixed at a distance (Xb) = 0.32m.
In general, for each experiment the plastic platform installed on the particular slope and the baffle blocks fixed on it (if required). The sluice gate adjusted at a required opening and the flow rate controlled by regulating valve and flow meter. The hydraulic jump at adverse slope is difficult to be controlled and continually adjusting for the tailgate is essential to reach a stable position. After the free jump is formed and stabilized in its position as shown in Figures  (5 to 8) , the sequent depth measured by point gage, length of the roller and jump length were measured by measuring tape. 
Results

Testing of baffle blocks
Single row of baffle block
Baffle block models (A, B, C and D) arranged with a single row and tested on slope (-0.06) to show any which have good result, experimental data of hydraulic jump on slope (-0.06) with baffle model (D) show a less value for the ratios (Lj/y1), (y2/y1), (Lr/y1) and high value of (ΔE /E1) when compared with baffle model (B and C) as shown in Figures (9 to 12) , therefore baffle block models (A and D) installed on slopes (0, -0.03, -0.045) to study their effect in the characteristics of hydraulic jump when the bed slope is changed. 
Double row of baffle blocks
The efficiency of stilling basin increased when the baffle blocks arranged as double row, the distance between first and second row represented by the ratio (ẋ/b), where (ẋ) and (b) represent the longitudinal distance between baffles rows and the length of baffle respectively. The ratio (ẋ/b) does not the same for all slopes (increase with increasing the adverse slope) due to the effects of the weight of water in adverse slope, table (2) shows the variation of (ẋ/b) ratio with bed slopes, also Figure (13) show the hydraulic jump at stilling basin with double row of model (D).
Fig.13. Hydraulic jump at stilling basin with double row of model (D).
Effects of bed conditions on hydraulic jump characteristics
Characteristics of hydraulic Jump changed when bed conditions varied such as using a smooth bed or using baffle blocks as single or double row with various bed slopes. The results of hydraulic Jump on a smooth bed case compared with that for the cases of single row for baffle models (A and D) and the double row of model (D), all these cases applied at slopes (0, -0.03, -0.045, -0.06).
Sequent depth ratio
Experimental results for a certain slope show a reduction in the ratio of (y2/y1) for the case of double baffle model (D) when compared with results for cases of smooth bed, single row of model (D) and single row of model (A) as shown in Figure (14) , the comparison for different cases (at adverse slope (-0.06)) summarized in table (3) . Also, using the double baffle model (D) at adverse slope (-0.06) instead of baffle model (A) at the horizontal slope cause a reduction in the ratio of (y2/y1), the average reduction in this case reaches to about 18.3%. The reduction in the ratio (y2/y1) when the second row of model (D) used is due to the obstruction of the water particles by the second row and make them to circulate with limited zone, therefore reducing the tailwater is essential to prevent formation of submerged jump. Using single baffle model (D) at adverse slope (-0.06) gives a good reduction in sequent depth ratio when compared with the case of baffle model (A) at the horizontal slope, the average reduction in this case reaches to about 10.7%. The reduction in the ratio (y2/y1) lead to reduce in height of the side wall of stilling basin, consequently the cost of construction of stilling basin is reduced. 
Length of jump ratio
The length of Jump ratio (Lj/y1) change when the status of basin bed is changed, the results for a certain slope show a reduction in the ratio of (Lj/y1) for the case of double baffle model (D) when compared with results for cases of smooth bed, single row of model (D) and single row of model (A) as shown in figure (15) , the comparison for different cases (at adverse slope (-0.06)) summarized in table (4) . Also, using the double baffle model (D) at adverse slope (-0.06) instead of baffle model (A) at the horizontal slope cause a reduction in the ratio of (Lj/y1), the average reduction in this case reaches to 38.1%. The reduction in the ratio of (Lj/y1) when the second row of model (D) used is due to the obstruction of the water particles by the second row and restrict its motion, therefore the jump does not extend towards downstream.
Using baffle model (D) at adverse slope (-0.06) gives a good reduction in length of jump ratio when compared with the case of baffle model (A) at the horizontal slope, this reduction in the ratio (Lj/y1) reaches to about 29.1%, the reduction in length of jump ratio (Lj/y1) means a reduction in the length of stilling basin, consequently the cost of construction of stilling basin is reduced. 
Energy dissipation ratio
The energy dissipation ratio of hydraulic jump change when the bed status is changed, as mentioned previously using smooth stilling basin with adverse slope (-0.06) instead of horizontal smooth bed caused a reduction in the energy dissipation ratio, but using baffle block convert this reduction to gain in the energy dissipation ratio.
The experimental results show that the average gain in the ratio of (ΔE/E1) reaches to about 10.7% when double baffle of model (D) at slope adverse ( -0.06) is used instead of horizontal smooth bed. Also, experimental results for a certain slope show an increasing in the ratio of (ΔE/E1) for the case of double baffle model (D) when compared with results for cases of smooth bed, single row of model (D) and single row of model (A) as shown in Figure (16) , the comparison for different cases (at adverse slope (-0.06)) summarized in table (5) . The additional impact action that produce from the second row of baffle blocks cause the increasing in ratio (ΔE/E1), also the trapezoidal shape of the baffle model (D) makes the water particles to impact with other and loses its energy. 
Conclusions
• The hydraulic jump in the stilling basin with a single row of model (D) has a less ratio of (Lj/y1), (y2/y1) and (Lr/y1) and a high ratio of (ΔE/E1) when compared with models (B) and (C), therefore model (D) represents the best trapezoidal model and used with model (A) on other slopes to show their effects when bed slopes are changed.
• In the arrangement of baffle blocks with double row the distance between the first and second rows (ẋ) does not the same for all slopes, this distance increase with increasing the adverse slope.
• At adverse slope (-0.06) the average reduction in (y2/y1) ratio and (Lj/y1) ratio reach to about 26% and 37% respectively when the double baffle model (D) is used instead of smooth bed.
•The average reduction in the ratio (y2/y1) reaches to about 10.7%, while the average reduction in the ratio (Lj/y1) reaches to about 29.1% when the baffle model (D) at adverse slope (-0.06) used instead of baffle model (A) at horizontal bed.
•The average reduction in (y2/y1) ratio reaches to 18.3 %, while the average reduction in (Lj/y1) ratio reaches to 38.1% when the double baffle model (D) at adverse slope (-0.06) used instead of the horizontal smooth bed.
• At adverse slope (-0.06) the average gain in (ΔE/E1) ratio reaches to about 28.6% when the double baffle model (D) is used instead of smooth bed.
•The energy dissipation ratio (ΔE /E1) reduced when the adverse slope used instead of the horizontal slope, but using the double row of baffle model (D) at adverse slope increasing the efficiency of stilling basin and convert the reduction in energy dissipation to gain, the average gain in ratio (ΔE /E1) reach to about 10.7% when the double baffle of model (D) at slope (-0.06) is used instead of horizontal smooth bed.
